An attempt was made to derive a useful noninvasive index to evalute a change in myocardial contractile state using transcutaneous Doppler flow-velocity curve from the carotid artery.
Noble et al,3j using an electromagnetic flowmeter in the ascending aorta in dogs demonstrated that maximum acceleration of aortic flow showed a significant change in response to inotropic stimuli to the left ventricle. Netter et al,4> also employing the same procedure in dogs measured maximum acceleration of aortic flow, and time from onset of ejection to peak flow. They suggested that these values might be useful as indices of left ventricular contractile state. Flow-velocity curves from the aorta have the advantage of being noninvasive if a transcutaneous Doppler device is applied.6)'7) The purpose of the present study is first to develop a reliable index using intravascular Doppler flow-velocity curves and correlate this with the first derivative of left ventricular pressure (max dp/dt),8> secondly to compare these results with those obtained from the Doppler curves derived transcutaneously, and thirdly to compare this index with other noninvasive indices9> in the recognition of a diseased heart.
METHODS

I. Experimental studies in dogs
Eight experiments were performed using 5 mongrel dogs, 20 to 35 Kg in body weight, anesthetized with pentobarbital 30 mg/Kg intravenously. Doppler ultrasonic flow catheter 6F or 5F (Southwest Research Institute, 85000 Culebra Road, San Antonio, Texas, USA) was inserted throuth the exposed left carotid artery and the tip of the catheter was positioned in the aorta between the level of aortic valve and bifurcation of innominate artery. This catheter was connected to an ultrasonic bidirectional Doppler meter (Directional Doppler, Model 806, Parks Electronics Lab, Beaverton, Oregon, USA). The principle of measuring flowvelocity curve is described elsewhere.10> Briefly, the technic utilizes the Doppler shift principle. A high-frequency sound (9.5 megacycle in this study) is coupled to the blood vessel by means of a piezo-electrical crystal which was mounted at the tip of the catheter. Part of the emitted sound is backscattered and detected by the crystal mounted at the tip. The reflected signal differs in frequency from the incident signal by quantity proportional to blood velocity. Table II . Continuous infusion of isoproterenol (up to 0.1mg per min) or an intravenous bolus injection of propranolol (up to 4mg) were administered to alter the contractile state of the heart muscle.
2. Comparison of Doppler index with max dp/dt at cardiac catheterization in man Diagnostic cardiac catheterization was carried out in 43 patients ranging in age from 4 to 68-year-old (32 males and 11 females). Diagnosis made by cardiac catheterization was as follows: there were 26 patients with coronary artery disease, 3 with cardiomyopathy, 2 with atrial septal defect, and 12 with no demonstrable heart disease. Patients with aortic or mitral valvular disease, outflow obstruction of left ventricle, ventricular septal defect, patent ductus arteriosus or obstructive disease of the carotid artery were not included. At the beginning of cardiac catheterization, measurement of left ventricular pressure as well as the first derivative of left ventricular pressure (dt/dt) was performed using similar technic as is described in dog experiments. After diagnostic catheterization was completed, the flow-velocity curves were obtained intravascularly and/or transcutaneously. In 28 out of 43 cases, the Doppler catheter was inserted into the ascending aorta through a peripheral artery. In 19 out of 43 cases, the transcutaneous Doppler probe was placed Notice the marked similarity in both curves. on the surface at the level of the right common carotid artery and connected to the Doppler meter. The position of the transcutaneous Doppler probe was adjusted so as to obtain a curve similar to the intravascular Doppler curve (Fig.2, lower  panel) . The position of the transcutaneous Doppler probe over the carotid artery was chosen because of the simplicity of the technique.11),12) In 12 patients, intravascular and transcutaneous Doppler curves were both recorded successively at an interval of 30min to compare ECG Q-Doppler peak obtained from 2 Doppler curves. In order to calculate JECG Q-Doppler peak, predicted ECG Q-Doppler peak was calculated using a regression equation between ECG Q-Doppler peak and heart rate ( Correlation between intravascular ECG Q-Doppler peak and max dp/dt of the left ventricle obtained in dog experiment No.8. Effect of heart rate and left ventricular max dp/dt on intravascular ECG Q-Doppler peak in dogs. A: Heart rate was altered by right atrial pacing and statistical correlation between heart rate and ECG Q-Doppler peak is shown. B: Heart rate was fixed by right atrial pacing and then the inotropic state of the heart muscle was changed by drugs. It is seen that ECG Q-Doppler peak correlates with max dp/dt. (Table  III) . Table  II . There was a significant correlation between transcutaneous ƒ¢ECG Q-Doppler peak and max dp/dt (Fig.5) . left ventricular max dp/dt in dogs. 
